We study three dimensional oceanic Lagrangian Coherent Structures (LCSs) in the Benguela region, as obtained from an output of the ROMS model. To do that we first compute Finite-Size Lyapunov exponent (FSLE) fields in the region volume, characterizing mesoscale stirring and mixing. Average FSLE values show a general decreasing trend with depth, but there is a local maximum at about 100 m depth. LCSs are extracted as ridges of the calculated FSLE fields. They present a "curtain-like" geometry in which the strongest attracting and repelling structures appear as quasivertical surfaces. LCSs around a particular cyclonic eddy, pinched off from the upwelling front are also calculated. The LCSs are confirmed to provide pathways and barriers to transport in and out of the eddy.
gradients are created by the stretching of tracers in the shear- Exponents (FTLE) to FSLE, assuming them to be valid. In par-97 ticular, we assume that LCS are identified with ridges (Haller, 98 2001), i.e., the local extrema of the FTLE field, and also we ex- To confirm that our identification of LCSs with ridges of the 104 FSLE field, we perform (in Sect. III) direct particle trajectory 105 integrations that show that the computed LCS really organize 106 the tracer flow. In our work, we will emphasize the numerical 
109
We then focus on a particular eddy very prominent in the area 110 at the chosen temporal window and study the stirring and mix-111 ing on it's vicinity. Some previous results for Lagrangian ed- Current. In this paper we focus on FSLE fields and the asso- The paper is organized as follows: In section II we describe 126 the data and methods. In section III we present our results.
127
Section IV contains a discussion of the results and Section V 128 summarizes our conclusions. 2.1. Velocity data set.
131
The Benguela ocean region is situated off the west coast 
137
The velocity data set comes from a regional ocean model 
145
The data set area extends from 12°S to 35°S and from 4°E to 146 19°E (see Fig. 1 where τ is the time it takes for the separation between two par- FSLE for that location is also set to zero.
246
The equations of motion that describe the evolution of parti-
247
cle trajectories are 
286
The curtain-like geometry of the LCS was already com- 
315
where ∇λ is the gradient of the FSLE field λ, n is the unit nor-316 mal vector to L and H is the Hessian matrix of λ.
317
The method used to extract the ridges from the scalar field To properly answer these questions the eddy, in particular its 
Results
Q = 1 2 ( Ω 2 − S 2 ),(9)
433
where Ω 2 = tr(ΩΩ T ), S 2 = tr(SS T ) and Ω, S are the anti- 
437
Let us move to the Lagrangian description of eddies, which 438 is much in the spirit of our study, and will allow us to study that appear to be hyperbolic points (H1 and H2 in figure 6 ).
448
In the West-East direction, the eddy is closed by a tangency at 
466
In 3d, the eddy is also surrounded by a set of attracting and 
494
We consider six sets of 1000 particles each, that were re-495 leased at day 1 of the FSLE calculation period, and their trajec- In the specific spatiotemporal area we have studied, and in 581 particular, for the eddy on which we focussed our analysis, we 582 have confirmed that the structure of the LCSs is "curtain-like", 
621
In any case, a most important point for the LCS we have 622 computed is that in 3d, as in 2d, they act as pathways and bar-623 riers to transport, so that they provide a skeleton organizing the 624 transport processes. gives already a quite accurate vision of the 3d FSLE distribu- 
